This study identifies how community attributes affect household residential location decisions in Medellin, Colombia. The empirical model applies the revealed preference principle: each household is assumed to have made an optimal location decision given a set of alternatives.
1.

Introduction
In the early 1960s, many economists began to study the microeconomic and spatial aspects of housing markets in urban areas, the behavior of housing producers, the provision of public services by local governments and the economics of residential location (Ingram, 1977) . One of the most notable theoretical advances in residential location was produced by Tiebout (1956) , who suggested that under certain conditions consumers might reveal their true preferences for locally provided public goods. This has motivated several authors to study the importance of community attributes in the residential location decision (Friedman 1981 , Nechyba and Strauss 1997 , Ozturk and Irwin 2001 and Ferguson et al 2007 .
According to the revealed preference model, a household deciding the optimal location for its house takes into account all possible alternatives and chooses the option that generates the maximum level of utility. In evaluating the alternatives, the utility of the household and the family and dwelling characteristics will be affected by local public goods, environmental services and neighborhood characteristics.
Understanding the causes that lead to a population concentration in certain communities is not only academically interesting, but it also has profound implications for social well being and public policy design. Knowing how a community's attributes have contributed to its population concentration and what amenities are more appreciated by households can guide both public provision and conservation of residential goods and services. This paper identifies preferences for community amenities or attributes using the residential Medellin is the second ranked city, in terms of GDP, in Colombia and is the capital of the department of Antioquia. Although 72% of its territory is rural, 90% of the population lives in urban areas. The urban portion of the city is divided into 16 areas, called comunas, which are divided into 250 neighborhoods. These neighborhoods are the areas of focus in this study.
Medellin is a city that exhibits socioeconomic divergence on a geographic level; in the northern part of the city, there is a concentration of low-income households, young people, criminal bands and drug sales. However, the southern area of the city contains households with higher income and a greater proportion of the population that is over 60 years old; it also boasts the majority of the employment opportunities and a greater sense of security (Duque, 2011 ). This paper is organized as follows: Section 2 presents an overview of the related literature.
Section 3 explains the methodology used, while Section 4 describes the data collected.
Finally, Section 5 presents the results and main conclusions of the paper.
2.
Related literature Tiebout (1956) first issued the hypothesis that households regard the residential location decision as choosing a particular package of local public goods and services over other such packages. Tiebout's model suggests that households reveal their preference for public goods and services when they "vote with their feet" through choosing where to live. Additionally, it establishes that households in a given community derive the same marginal benefits from local public goods and services.
In the model, houses are considered a spatially fixed good. When a household purchases a dwelling, it obtains access to, not only the house but also a series of community goods and services. Therefore, the value of the house depends both upon the structural attributes of the house and the amenities and services available in its location. One of the limitations of Tiebout's theory is that it assumes that households have the ability to choose between a great number of feasible alternatives; in reality, this is improbable because of cost and location limitations (Ozturk et al, 2001 ).
As a complement to the theoretical model developed by Tiebout, McFadden (1974) formulated an econometric model that allowed modeling decisions with qualitative options. In The results of the study suggested that local public services play a minor role in residential choice; the major determinant is the quantity of housing services that the household can obtain in the community. In addition, parks and recreation services were found to positively affect the location decision, while longer time and distance to the workplace and the felony crime rate negatively affected the decision.
Nechyba and Strauss (1997) used a discrete choice approach to estimate the impact of local fiscal and other variables on individual community choices. Their dataset encompassed 90%
of the homeowners in six school districts in Camden County, New Jersey. Using a random utility model and a mixed polytomous choice model, they found that public goods have a significant impact on community choice. Likewise, investment in education, community entry prices, degree of commercial activity and distance to the metropolitan area also appeared relevant to the location decision. A high violent crime rate and higher marginal housing prices decreased the probability of choosing a particular community. Ozturk and Irwin (2001) used the housing and migration data from 823 households in Franklin County, Ohio in 1995 to estimate the probability that a household decides to stay in or move away from a school district. Using a spatial probit model, they concluded that the quality of the schools, criminality rates and presence of children were important determinants in the households' decisions.
In searching for alternative explanations, many articles have included environmental amenities of the community as explanatory variables. Earnhart (2001) estimated the aesthetic benefits generated by the presence and the quality of environmental services associated with residential location in Fairfield, Connecticut. The study employed two applications of discrete-choice hedonic analysis of revealed data and choice-based conjoint analysis of stated data. The study found that environmental services increase the utility of individuals.
Ortúzar and Rodríguez (2002) 
Methodology
To determine the effects of the environmental and other amenities in the different neighborhoods on the spatial location of families, we used a random utility model, such as the one proposed by McFadden (1978) . When families face a decision on the optimal place to live, they examine all possibilities and choose the option that maximizes their utility. This model only considers demand because it assumes that the residential location of one family does not affect the housing market or behavior of the local government. This model was later used by Friedman (1981) , whose principal hypothesis was that when choosing a residential location, families reveal their preferences toward amenities and characteristics of the house.
Following the work conducted by Friedman (1981), we estimate a conditional logit model where the units of decision are the neighborhoods that households choose to live. The model assumes that families make a choice from several similar alternatives; therefore, we apply a cluster aggrupation of the neighborhoods and eliminate those that are not part of the same cluster as possible destinations. All of the alternatives are assigned the same probability of being chosen.
The cluster identification is performed using the k-means method and using socioeconomic variables from the 2005 census. These variables included the percentage of households without sons, percentage of single-head households, population density, ratio of children that attend public schools over the total number of kids that attend school and the distance from the center of the neighborhood to the Medellin River (one side was assigned positive distances and the other negative because the Medellin River divides the city in two, and mobility from one side of the river to the other is not common). The spatial distribution of these variables is shown in Figure 1 . 
Note: A greater intensity of color is an indicator of a greater proportion of population that fulfills the characterization.
With these variables 12 clusters were formed, as shown in Figure 2 . It is important to clarify that areas appearing in white were eliminated from the study because of a lack of information.
Such areas include 2 neighborhoods (Tenche and Blanquizal, which are mostly industrial neighborhoods) and 22 special areas, such as universities, military bases and recreational areas that have a wide range of features and affect estimations at a neighborhood level.
Figure 2. City of Medellin clusters according to selected socioeconomic variables
Source: Based on 2005 Census data, 2013
Figure 3. City of Medellin divided by Comunas and Estrato
Source: Based on data from Area Metropolitana, 2013 Along with these variables, we used the 2009 ECV for Medellin, and chose only households that have moved in the past 5 years to identify residential location decisions that were made given recent community attributes. Each of these households was randomly assigned 4 possible neighborhoods in the same cluster as the neighborhood in which they were located.
This was repeated 1000 times to avoid biased results. To test the validity of the results, we estimated three additional models: first, we used the comunas of Medellin instead of the cluster division; second, we used the most common social estrato of the neighborhoods (the estrato is a scale, ranging from 1 to 6, applied to households that depends on house value and size; a higher estrato yields higher utility taxes), see Figure 3 ; and finally, a model in which only 3 possible alternatives were given was employed as a method of testing the consistency of our results.
Data
The data from the study were drawn from both the ECV and the data provided by Área
Metropolitana. The data were divided into three categories: local public goods, environmental services and neighborhood characteristics. All the data were at the neighborhood level for 2009 (Table 1) . To better understand the model, some clarification of these variables is necessary.
Recreational and cultural spaces are places that aim to generate social and urban transformation; those provided by the local government are usually located in marginal areas of the city that have a greater deficit of cultural and recreational spaces. Green zones are calculated in total m 2 by neighborhood and by estrato of each neighborhood to obtain a more precise measure of the valuation among households. Finally, the estrato is a scale ranging from 1 to 6 that depends on the value and size of a house and applies a socioeconomic rating to the household. In the model, the estrato is divided into three qualitative categories: low (1-2), medium (3-4) and high (5-6).
Results and discussion
This section examines the empirical results of the conditional logit estimation. Each of the neighborhood alternatives is described in terms of local public services, environmental services and neighborhood characteristics. The results are shown in detail in Table 2 . The local public services show mixed results. However, the public schools have a positive and significant result in the models, which demonstrates the interest of households in public schools when choosing a residential location. Furthermore, the total recreational and cultural spaces have a negative result; however, when only the private spaces are considered, the result becomes positive. This might be explained by the location of the recreational areas:
while the spaces provided by the local government are located in marginal areas of the city, the private spaces are located in the most valued areas.
On the other hand, most of the environmental services have unexpected results. The mass movements and floods both have a positive sign; however, this does not imply that households value these natural disasters as positive elements of their residential location.
Instead, this result may arise because of the expansion of urban sprawl that has led to the conception of peripheral areas as sites for construction and a disregard of their tendency to suffer natural disasters. In regard to the green zones, they yield a negative and significant result. Nevertheless, when the quantity is separated by estrato, these results change, yielding a positive result for households of medium and high socioeconomic levels. This may be explained by different conceptions of a green zone in neighborhoods of different social estrato. Whereas medium and higher estrato view green zones as recreational spaces that improve the aesthetics of dwellings, the lower estrato considers them places where bad habits, such as drug sales or consumption, tend to develop.
Finally, with regard to neighborhood characteristics, the results show that the predominant estrato of the neighborhood, taken as an indicator of the socioeconomic characteristics of the population, has a negative coefficient in the included models. This might be explained by the similarities among the neighborhoods included in the divisions: households may want to live in houses with a lower estrato to avoid higher utility taxes, but that have good amenities available to them. The homicide rate has, as established in the literature, a negative sign; this means that households consider security an important attribute of the neighborhood where they choose to live (Table 2) . 
Conclusions
This paper aimed to identify preferences for community amenities or attributes using the residential location of households in Medellin in 2009. To achieve this, a conditional logit model was estimated that controlled for individual attributes and neighborhood characteristics, including environmental elements. Data from the ECV for 2009 and from the Área Metropolitana were also employed.
The results show a positive value for public provided goods, such as public schools and security, but relatively low values for recreational and cultural spaces, with households tending to prefer those that are privately provided. This is relevant in terms of the investments made in Medellin in local public goods during recent years. Understanding how these spaces affect the residential location decision of households can guide the city's public expenditure decisions.
The results also show that environmental services are not the most important determinants of residential location for most of the population. This could reflect a lack of awareness of the importance of environmental services for the well being of the population or the need for a greater availability of quality environmental information. In either case, this is a message for the local government to improve both the environmental education of the population and the quality of the information available.
